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Abstract 
 
This work reports results obtained with the use of a 
game engine as a virtual simulation tool for dose 
assessment in nuclear plants, using on-line 
measurements. Since the game engine used has 
networking capabilities, measurement data is collected 
from real radiation monitors installed in a nuclear 
plant, to represent the radiation dose rate in pre-
defined areas within the virtual environment, and to 
compute the dose received by the avatars. Results are 
presented and discussed.  
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1. Introduction 
 
Virtual environments’ simulations find an important 
application for training [1]. Possible problems to be 
addressed include evaluation and planning of working 
procedures in plants that involve risk for personnel, 
both in normal and in abnormal operational conditions. 
Nuclear and industrial plants can be cited as examples 
of such plants. 
Operational and maintenance tasks can be better 
planned by means of preliminary simulations. Also, 
when emergency situations occur, adequate response 
actions are required to face such challenging situations, 
so as to minimize risks for people, both for working 
personnel and for the general public. 
Traditionally, nuclear and industrial plants’ workers 
receive theoretical and practical training for the 
operational and maintenance procedures, the practices 
usually carried out in the real environments. For 
emergency situations, people are also traditionally 
trained in real environments, so as an emergency plan 
can be defined or improved. 
A computing platform that provides virtual 
environment’s simulations with a good degree of 
realism, can aid in the planning of working tasks to be 
executed in risky plants, as well as in emergency 
planning. Such virtual simulations can be used 
previously to the execution of real ones. In some cases 
virtual simulations can even be the unique choice when 
the risks involved are too high, such as in simulations 
with fire, radioactive or chemical contaminations. 
However, the whole development of such a platform 
for virtual simulations would be a hard work itself. 
Fortunately, nowadays game engines provide such 
kind of virtual simulation platform, so researchers can 
use and adapt them for scientific and technological 
applications [2]-[4]. They can take advantage of all the 
functionalities of these game engines, such as physical 
laws simulation and good dynamic graphical rendering 
capabilities. 
This work was developed at Laboratório de 
Realidade Virtual (LABRV, IEN/CNEN). An existing 
nuclear plant in our Institution (Argonauta research 
reactor) has been virtually modeled and simulated.  
One possible use of this approach is to support 
preliminary training programs for workers, before 
effective training in the real environment. Thus, the 
operational and maintenance procedures can be 
optimized so as to reduce radiation dose received by 
workers. Consequently, risks for worker's health can be 
minimized by the application of ALARA principle [5]. 
Another objective is that this approach can help 
workers to verify the environment's conditions before 
entering it, especially in cases where radioactive dose 
rates may be above the normal level, due to any 
abnormal condition. Workers can navigate through the 
virtual environment, seeing on the screen the dose rate 
data measured on-line in the real plant, and evaluate 
the working plan so as to reduce received dose by 
workers when they have to enter the real plant. In some 
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cases, a virtual navigation can tell if it is possible or 
not to enter the plant’s room at a given time, or if it 
would be necessary to wait for a radioactive dose rate 
decay in the environment before workers can enter it. 
Preliminary results have been reported [6], [7], 
using off-line measurements previously collected by 
the radiological protection service during typical 
operational procedures, at some key locations within 
Argonauta’s room. The virtual simulation application 
computed and displayed on-line the radiation dose 
received by workers while navigating through the 
virtual plant, from the measured dose rate distribution 
and the time spent by an avatar at each location. 
The game engine chosen (Unreal Engine) has 
networking capabilities, as do also other similar game 
engines. Thus, taking advantage of this networking 
capability, that previous work [6], [7], has been 
extended to consider now on-line measurement data 
collected by radiation monitors installed at 
Argonauta’s room, that are fed to Unreal Engine. 
 
2. Related work 
 
2.1. Computational simulations for radiation 
dose assessment in nuclear plants 
 
A number of papers have been published relatively 
to the application of computational simulations for 
radiation dose assessment for workers in nuclear plants 
[8]-[14]. 
In one of the approaches reported, the radiation dose 
rate distribution is taken into account from off-line 
measurements previously performed at some points 
within the environment. Thus, a grid can be generated 
with the measured dose rate distribution. This is the 
approach followed by [8]; we have also followed it in 
the very beginning of this R&D [6], [7]. 
Alternatively, the dose rate distribution can be 
computed with some numerical code, considering 
sources types and locations, the environment's 
geometry and materials characteristics, what is 
followed by [9], [12], [14]. 
 
2.2. Game engines for scientific and 
technological research 
 
Relatively to the use of game engines for virtual 
simulations, the literature reports their use for further 
simulations besides entertainment [2]-[4], [15]-[19]. 
Due to the high costs and the hard work involved in the 
development of totally new platforms to handle 
simulations with a high degree of realism, game 
engines bring an alternative for virtual simulations in 
scientific and technological research. 
The present R&D work aims to perform virtual 
simulations for some applications that are of our 
interest. The current paper deals specifically with 
radiation dose assessment for workers in nuclear 
plants, using a game engine, with on-line 
measurements. However, another application has also 
been developed, dealing with evacuation simulation in 
emergency situations [20]. 
Although originally written for entertainment, the 
game engines’ codes are general and content 
independent enough to be used and adapted for other 
applications. 
Currently, the games Quake III Arena and Unreal 
Tournament are the best games developed, in terms of 
flexibility and usability [2]. Both have part of their 
codes open, so users can modify them for their specific 
applications. Both games are equivalent, each one has 
its own advantages and disadvantages. So, it is just a 
matter of researchers’ choice, to use one or another [2]. 
Unreal, specifically, has a Java-like language – 
Unreal Scripting language – that is well documented, 
as well as its scripting editor. 
Among the existing game engines, we have chosen 
Unreal Engine2 Runtime Demo Version – or Unreal 
Engine, for short. Besides the characteristics already 
mentioned in section 2.2, it can be pursued for low 
cost, or is even free for non-commercial and 
educational purposes [21]. Its source code is partially 
open. 
Unreal Engine deals with image rendering and also 
with the laws of physics’ simulation, – such as gravity 
and collision –, artificial intelligence and other 
important characteristics for the game to operate. 
 
3. Classes created in Unreal Engine 
 
The functions already available in Unreal Engine 
are implemented through scripts, and can be accessed 
by the user through any plain text editor. The user can 
create new scripts and add them to the game engine. 
Some important modifications in navigation, 
implemented in Unreal Engine, are cited in the 
following, and the modifications in the classes are 
detailed in the sequence. 
 
• Timers have been created, to compute the times 
spent by the avatars during virtual simulations; 
• Both walking and running avatar’s velocities have 
been modified, to match real ones. 
The main classes created in the Unreal Engine, both 
the general purpose ones and others specific to dose 
assessment, are explained in the following: 
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• RVPawn: Contains definitions for the avatar’s 3D 
model (including dressing) and animation 
(velocities, collision, among other characteristics); 
• RVBoy and RVGirl: extend RVPawn  with 
specific characteristics for male and female 
avatars, respectively; 
• RVAreaPontual: simulates a “hot area” with a 
decreasing value in function of radius; it can be 
used to simulate punctiform radiation sources; 
• RVAreaQuente: simulates a “hot area” with 
uniform radiation dose rate distribution; this 
function represents radiation dose regions in the 
created measurement grid; 
• RVMonitor: simulates a radiation monitor, 
displaying the current radiation dose rate measured 
in that monitor's position; 
• RVHUDBase: interface that displays information 
for users on the screen; 
• RVHUDDose: extends RVHUDBase with specific 
information about dose assessment; 
• RVScoreBase: defines a scoreboard that is 
displayed on the screen by pressing the key “F1”. 
• RVScoreDose: shows a table with all participants 
and the respective doses; 
• RVDoseBoard: shows a table with the radiation 
dose rate at all monitored “hot-areas”, or the total 
dose received by the avatars; 
• RVGameInfo: indicates the simulation type, and 
points to the respective classes to be used; 
• RVDoseInfo: extends RVGameInfo with specific 
information of the dose assessment application; 
• RVGameReplicationInfo: defines information that 
must be replicated in networked simulations; 
• RVDoseReplicationInfo: controls updating of 
gamma and neutron values in the “hot areas” 
during a networked simulation; 
• RVPlayerController: defines the way users control 
the avatars; 
• RVDoseWeb: controls all data input and output 
via network, using HTTP protocol, relatively to 
the “hot areas”. 
 
4. The Radiation Monitor MRA 7027 
 
The Radiation Monitor MRA 7027 [22], − or simply 
MRA, for short −, is a digital radiation area monitor, 
previously developed in IEN/CNEN, which can be 
coupled with different radiation detector probes for X-
ray or gamma detection. MRA measures radiation dose 
rates, and can be networked with other MRAs. 
Figure 1 shows MRA 7027 coupled with a Geiger-
Müller probe for gamma measurement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. MRA 7027 with Geiger-Müller probe. 
 
5. Networking MRAs with Unreal Engine 
 
This section aims to explain the networking solution 
adopted for the communication between MRAs and 
Unreal Engine. MRA devices installed in Argonauta’s 
room feed the virtual environment created in Unreal 
Engine with on-line measured dose rates through a 
computer network, be it a LAN or the Internet. 
Basically, two main processes have been created, 
that can reside in one or more computers, and are 
accessible to each other through a TCP/IP network. 
These processes have the following purposes: 
 
• One process has the purpose of collecting and 
publishing the data measured by MRAs; 
• The other process has the purpose of feeding these 
data to Unreal Engine. 
 
Each one of these two processes behaves as a 
passive server, and as such, they have no direct 
communication between them. Thus, a third process 
has also been created to be an intermediate stage 
between the two main processes cited before. This 
communication scheme is known as “Man in the 
Middle (MiM)”, and this third process recovers 
information from one of the servers, optionally 
processing it, and feeding this information to the other 
server. This MiM process can reside in anyone of the 
former servers, or can reside in a third separate 
computer, communicating with the other servers 
through a TCP/IP network. MiM process has been 
developed with the macro language AutoIt [23]. 
All communication is performed through the HTTP 
protocol, version 1.1, described by RFC 2616 [24]. 
The server that collects the measured data from 
MRAs uses Apache software to publish this 
information in the network, with the PHP5 module for 
the dynamic treatment of files. 
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Unreal Engine2 Runtime server uses a proprietary 
implementation of its UCC compiler to operate as a 
game server, through the developed class 
“RVDoseWeb”. 
Figure 2 illustrates the networking scheme 
developed. All the three processes can reside in the 
same computer or in separate ones. 
 
 
 
Figure 2. The networking scheme. 
 
6. Results 
 
The results in this work have been achieved with 
the use of two MRAs installed in Argonauta’s room, 
networked to the proposed system through a TCP/IP 
network. 
The virtual environment representing Argonauta 
reactor had been previously divided in sub-areas, each 
one representing a region to be monitored [6], [7]. 
Currently, two sub-areas in the virtual environment are 
assigned to MRAs, according to their positions within 
in the real environment, so these sub-areas do not use 
anymore the off-line measurement previously 
available, but use instead the on-line measurements 
preformed by MRAs. For the other sub-areas not 
covered by MRAs, the respective previously available 
off-line measurements are used. 
Figure 3 shows a screen shot of an Unreal Engine’s 
simulation, where radiation dose rate measurements 
corresponding to the two MRAs installed in 
Argonauta’s room are listed in the screen for the user. 
Figure 4, in turn, shows a similar screen shot of a 
simulation with two avatars (one of them in first 
person’s view and thus not shown in the screen). The 
doses received by each avatar are computed according 
to their positions within the virtual environment and to 
the time spent by each of them at each sub-area, and 
are listed in the screen by avatar’s names. Dose is 
shown in nSv unit for visualization purposes, although 
this unit is not usual. If shown in µSv, dose increasing 
would be so slow that users would have to wait for 
long term to see any change in its value. By using a 
smaller unit, the dose changes can be seen in shorter 
term. 
 
 
 
Figure 3. Radiation dose rate from each MRA. 
 
 
 
Figure 4. Radiation dose received by avatars. 
 
7. Conclusions and perspectives 
 
The proposed system has demonstrated the viability 
of using Unreal Engine for the desired objectives, 
which consisted in taking advantage of its networking 
capabilities to collect on-line measured data from the 
MRAs, to aid in operator’s training or to support 
emergency response during an abnormal operational 
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condition. Thus, the radioactive environment’s 
conditions in a nuclear plant can be monitored in the 
virtual environment, before an operational work is 
carried out in the real one. The on-line monitoring 
characteristic is an advantage over the use of the static 
off-line measured data, previously reported [6], [7]. 
Since a greater number of similar radiation monitors 
can be easily networked, a nuclear plant’s radiation 
dose rate distribution can be monitored on-line with a 
more detailed measurement grid. 
Any other nuclear plant can be monitored by this 
approach, depending on the availability of radiation 
monitors installed in that plant. 
This methodology can be extended for any other 
industrial plant that involves risk for workers. Specific 
sensors installed in the real environment, before 
workers enter it can monitor environment’s conditions. 
Examples of such conditions can be cited: the 
occurrence of any kind of contamination (including 
radioactive or chemical contamination) on the floor or 
in the air, or dangerous temperatures, noise, fire and 
smoke, among others. 
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